[ § e

NACA RM L56A09

T menantend

6

3 1176 01348 4747 %
UNCLASSI m © Cooy
RM L56A09

‘ [ 4

RESEARCH MEMORANDUM

THE EFFECTS UPON BODY DRAG OF JET'S EXHAUSTING FROM
WING-MOUNTED NACELLES
By Robert W. Rainey

Langley Aeronautical Laboratory

CLASSIFICATION Ciianesp o

UNCLASSIFIED

~——
e ———— —
—————
= ‘———_

I\/-Lf 2 6—5‘5 {..Date’ .J__._gz_.-
CLASSIFIED DOCUMENT
Thls material contains infor: ted States witkin the meaning
Bt R

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
April 20, 1956




GNULAL L FIEL
NACA RM L56A09 L '

— -

NATIONAT. ADVISORY COMMITTEE  FOR AERONAUTICS

RESEARCE MEMORANDUM

THE EFFECTS UPON BODY DRAG OF JETS EXHAUSTING FROM
WING-MOUNTED NACELLES

By Robert W. Ralney

SUMMARY

An investigatlon has been made in the Langley 9-~inch supersonic tun-
nel to determine the effects of a sonle jet exhsusting from e wing-mounted
nacelle upon the body drag of a body-wing-nacelle combinstion for various
longitudinal, spanwise, and vertical nacelle locestions and Jet pressure
ratios. The fineness ratios of the body and nacelle were 8 and 5, respec-
tively. The nacelle length was about 31 percent of the body length. Both
the body and the nacelle consisted of forebodies and afterbodles which were
perabolic ares of revolution joined by a cylindrical midsection. The wing
wes untapered, swept 26.5° » and had a hexagonsal alrféll section. Measure-
ments were made at Mach numbers of 1.94 and 2.41 and at Reynolds numbers,

based on body length, of sbout 2.61 X 106 and 2.10 X 106, respectively.
Boundary-layer transition was induced artifiecially ahead of the body-wing
Juncture.

The results indicated that the maximum varistions in the total and
fore drags of the body due to Jet interference were about one-fourth of
the basic body drag. These were of the same order of magnitude as the
maximum drag changes due to verilastion in nacelle locatlon with the jet
off. Both the Jet interference and the nacelle interference upon body
drag were considerably larger than the Interference of the wing upon the
body drag. With the nacelle at the most inboard positions and with the
Jet off, the body drag was reduced; operating the Jet increased the body
drag, however. With the nacelle located sbout four Jet-exit diameters
outboard of the body and with the Jet off, the body drag values were the
highest obtained; operating the jet reduced the body drag velues. It
was found that the entire Jet-interference flow field had to be considered
in the analysis of the interference upon the total, fore, and base drags
of the body.

INTRODUCTION

Numerous investigations heve been mede at supersonic speeds to
determine the effects of the addition of stores and nacelles upon the
aerodynamic charscteristics of individusl aircraft components or entire

S~
TINCLASSIFIED



2 CONPEREM NN NACA RM L56A09

configurations (for instance, refs. 1 and 2). In the majority of nacelle
investigations made to date, the wing- or pylon-mounted nacelles, as well
as those independently supported, did not utilize Jets. Consequently,
little Information is avallable on the effects of the Jet-interference
flow fleld upon the characteristics of various components located within
this flow field.

It has already been established that Jet effects are important to
afterbody and base drags (for instance, refs. 3 and 4), the loading on a
nearby wing or surface (refs. 5, 6, and 7), and the loading on tail sur-
faces and afterportions of the fuselage (refs. 8 through 12). Also exper-
imental and theoretlical studles have been made of the structure of various
Jjets exhausting into still sir and into & moving sirstream (refs. 13, 1k,
end 15). In view of the results presented in the aforementioned refer-
ences, the propagation of dlsturbances from a Jet exhausting from a wing-
mounted nacelle should affect the aerodynamic charecteristics of all com-
ponents subjected to this Jet-interference flow field.

The purpose of the present tests was to determine experimentally the
effects of a Jet exhsusting from a sonic nozzle located within a wing-
mounted nacelle upon the drag of the body of body-wing-nacelle combina-
tions for varilous nacelle locations and Jet pressure ratios. The nacelles
were wing mounted, either directly to the wing or by use of pylons,
depending upon the nacelle vertical location. The total _and base drags
of the body were measured with the nacelle at various spanwise and chord-
wise positions and at jet static-pressure ratios from the Jet-off condi-
tion up to 40 (total-pressure ratios up to about 75). Tests were made
in the Langley 9-inch supersonic tunnel using a semispan model installa-
tion. The tests were made at Mach numbers of 1.9% and 2.41 and at Reynolds

numbers, based on fuselage length, of about 2.61 x 106 and 2,10 x 105,
respectively. BPBoundary-layer transition was induced artificlally on the
body ahead of the body-wing jJuncture. The angle of attack and angle of
yaw were 0°.

SYMBOIS
Cp drag coefficient, Drag/qS
Base ares
Cp,v base drag coefficient, -Cp p X g
ACp incremental drag coefficient (Jet on minus Jet off or

body-wing minus body)
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diameter

longitudinal locstion parameter, x/djy

¢y2+ L— (r —-;—)]i- (rB+ rn)

ds

spanwise locaetion parameter,

spanwise location parameter assuming z - (rB - -2-) = 0,

y - (rB + )
dj

vertical locatlon perameter, z/dj

Mach nunber
stetic pressure

base pressure coefficient, u
%

dynamic pressure

maximum radius

body frontal area

wing thlckness

longitudinal distance from base of body to base of nacelle,
positive upstream from base of body

longitudinal distance from base of body to intersection of
shock wave and body surface or plate, as seen 1ln the
schlieren photographs, positive upstream from base of body

spanwise distance between body and nacelle center lines,
positive outboard of body

vertical distance from wing chord to nacelle center line,
positive downwerd from wing chord

retio of specific heats
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Ox one~hslf of the nozzle divergence angle (fig. 4 only)

x' subscripts:
1 shock from within the Jet

2 exit shock or trailing shock, for the Jet on or the Jet
off, respectively

3 nacelle nose shock

Drag-coefficient subscripts:

b base
f fore (total minus base)
t total

Other subscripts:

b base

B body

J jet exit

n Jet nacelle

o free stream

APPARATUS AND MODELS

Wind Tunnel

All tests were made in the langley 9-inch supersonic tunnel which is
& continuous operation, complete-return type of tunnel in which the stag-
nation pressure may be varied and controlled from about 1/10 atmosphere,
absolute, to about I atmospheres, absolute. The stagnation temperature
and dew point msy also be varied and controlled. The Mach number is
varied by interchanging nozzle blocks which form test sections approxli-
mately 9 inches squere.
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Models

The configuration used was & half-span installation (fig. 1). All
parts were constructed of metal, and the exterior surfaces were smooth.
The dlameters of the body and nacelles, as well as the wing maximum thick-
ness, were within #0,00L inch of the specified dimensions. All other
dimensions were belleved to heve been within +0.005 inch of the specified
dimensions with the exception of the distances from the nacelle hase to
the trailing edge of the wing; this varled up to 0.010 inch.

The body conslsted of fore and afterbodles which were parabollic arcs
of revolution and a cylindrical center section. Part of this center sec-
tion was attached to the boundary-lsyer bypass plate and was cut out o
receive the wing. The total forward and rearward gap between this wing
support ard the remeinder of the body wes sbout 0.020 inch; the transverse
gap was about 0.005 inch., A transition strip about l/h- inch wide and
0.006 inch thick was loceted on the body about 3/k inch ahead of the
vody-wing leading-edge Jjuncture. The strip consisted of falrly evenly
distributed pulverized salt crystels no larger than 0.005 inch across which
had passed through an 80-mesh screen. Thie crystal size was in order with
the recommendations of reference 16.

Ten wing-nacelle assembllies were constructed and differed only in
the locetion of the nacelle. The pertinent dimensions and designations
of these assenblies are presented in figure 2. For all nacelles supported
by pylons, the pylon cross section remained the same. Additional pertli-
nent dimensions of the configurations are given in teble I.

Each wing was bullt up of slilver solder which combined three l/ll--inch-
dlameter copper air-supply tubes with steel leading- and trailing-edge
wedges and included a Jet static- and a jet stagnation-pressure tube (see
fig. 2(a)). Dry air (dewpoint aspproximately -4O° F) from a high-pressure
storage tank was piped through a throttling valve into the alir supply
tubes at epproximetely atmospheric témpersture.

Balance System

The body was supported by a forward flex link end the drag strain-
gege beam (see fig. 1). A preloeded tension spring, adjusteble from the
base of the body, provided & means of varying the operational drag range
of the balence gystem. During installation, the strain-gege beam was
oriented so that the lift-on-drag interactlon was negligible. It was
also determined that interaction of side force and yawing moment on drag
was negligible.

During the test program a sufficient number of balance calibra-
tions were made between test runs to ascertain what emsll varistions in
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spring tension, 1f any, had teken place. These minor changes in spring
tenslion bave been included in the estimated probable errors in ‘the sec- -
tion entitled "Precision of Data."

PRECISION OF DATA

A summery of the estimated maximum probeble errors for the tests 1s
presented in the following table:

Test Mach Maximim probable errors in -
number, M
’ M R Cp,t Cp,b Cp,f | Pj/Pw

1.94 $0.010 | +0.09 x 105 | +0.003 | +0.001L | to0.00k | 10.25

2.4 +.015 £.09 +. 00k +.001 t. 00k t.25

The spanwlse nscelle locations were set within 10.010 inch of the -
gspecified values which corresponds to a K& value of +0.04. The error
in Ky was dlctated by tke model construction and was found to be less x
than +0.04.

RESULTS AND DISCUSSION

Interference Considerstions

For the general case of a jet exheusting into a supersonic stream,
the calculetion of the Interference flow field 1s difficult and complex,
One such calculation using the method of cheracteristics has been made
by Schéfer (ref. 15). His results have been converted to isobar and
streamline form and are presented in figure 3. Although the test condil-
tions anédé configuration for this calculated case are different from those
utilized in the present tests, the general flow phenomena of the calcu-
lated case are similar to those of the present tests at pressure ratios
where the shock within the jet existed. Therefore, these more detalled
calculated results will be used to define qualitatively the Jet-interference
Tlow field.

It 18 evident in figure 3 that significant pressure rises and changes
in flow angle exist across the exit shock and are a meximum et the 1lip of
the exit. The pressure and flow inclinations outboard and downstream of v
the exit are reduced as indicated by the isobers and stresmlines.

PPE-Eaials s
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It is obvious that the interference effects of the Jet upon a
neighboring body or surface would be dependent upon their relative loca-
tlons since the distribution of interference pressures and flow angles
can vary eppreclably with position within the interference flow field.
For the present case, as will be discussed in & later sectlion, the gra-
dients in pressure and flow angle within the expansion region outside of
the mixing boundary and between the exit shock end the reflected shock
from within the Jet influenced the body dreg. These gradients could not
be discerded as secondary (as compared to considering only the effects
of pressure rise scross the exlt shock and shock from within the je'b)
in the analyses of body drags.

A typical example in which portions of a twin-jet alreraft having
wing-pylon-mounted nacelles might be subjected to this Jet-interference
flow field is presented in figure 4 (assuming no distortion to the flow
field due to the presence of aircraft compwonents for illustrative purposes
onJ.y). It 1s apparent that the fuselsge afterbody and tall surfaces
would be subjected to varlous pressure vaerliatlions and flow inclination
angles which would have an effect on the fuselage and tail drags and the
longitudinal stablility charascteristics. For the case of asymmetric jet
flow fields (due to s for exsmple, the aircraft at sideslip angles other
than O° or unequal jet thrusts), the directional and lateral stabilities,
in addition to the longitudinal stability, would be affected.

Baslc Dats

The meesured total and base drag coefficlents are presented for
severel values of Ky (fig. 5) as a function of Pj/P, in flgures 6(a)

and 6(b) for Mach numbers of 1.9% and 2.41, respectively. The drag coef-
ficients (fig. 6) at the lowest value of P /Pca were for Jet-off condl-

tigns. Due to wing sweep, Ky changed as Ky was changed. The param-

eter Ky was the slant distance between outer surfaces of the body and
nacelle, nondimensionsllized through the use of dd (fig. 5) and is

defined as the "spanwise locetion parameter." This distance was essen-
tisally the miniwum distance between the two components for any one span-
wise and verticsl nacelle location and was undoubtedly an Important fac-
tor in determining the existence of reflections and locel choking between
these two components. Alsc shown in figure 5 are the distances used in
the longitudinal and vertical locatlion parameters.

Megsured Interference Effects

Throughout this report, reference will be made to the nacelle inter-
ference upon various other components. For the cases when the nacelle
is supported by a pylon, the term "nacelle interference" is meant to
include the total interferences of both pylon and nacelle.
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The sources of interference upon the body, neglecting mutual inter-
ferences, were the wing, nacelle, and Jet. The interference of the wing
upon the body fore and total drags was beneficial at M, = 1.94 and
detrimental at M, = 2.41 (table II) 3 these-interference drags due %o
the wing were small compared to the drag of the body alone. Large drag
changes occurred as a result of adding the nacelle to the wing (compare
Jet-off results in fig. 6 to drag coefficients of body in presence of
wing, teble IL) and as a result of operating the jet (figs. 7, 8, and 9).
In figure 10 are presented changes 1ln body fore drags and incremental
fore drags at M, = 1.94% associated with changes in shock locations
obtained from schlieren photographs.

Effects of jet-interference flow field.- The incremental drags (fore,
base, and total) of the body due to0 the jet were elther beneficial or
detrimental (figs. 7, 8, end 9), dependent upon the pressure ratio of the
Jet and its location with respect to the hody. Both of these factors
were of lmportance interferencewise. The Jet pressure ratio was predoml-
nent in the formation of the interference flow field; and the distribu-~
tion of this flow field upon the body was primarily dlctated by the rela-
tive locations of Jet and body. However, for the present tests, the
schlieren studies 1ndicated that the Jet upon discharge from the exit was
bent in a direction away from the body when the nacelle was located at
'I'{; =1 and, particularly, at low Jet pressure ratios. This was belleved

to have been the result of the reflected disturbances hetween the nacelle
and body.

The largest of the drag increases due to Jet interference took place
when the necelle wes at its most inboard (Ky = 1) and forward location

and highest jet pressure ratio (see, for instance, fig. T(a), Xz = 2.5).
The effect of increasing the Mach number from 1.94% to 2.41 was, generally,
to reduce the magnitudes of the drag increases (compare, for instance,
fig. T(a), X; = 2.5, to fig. T(b), Kz = 2.5). The basic body drags are
sumsarized in table II to facllltate comparison with the drag increments
of figures 7, 8, and 9. )

Comparison of figures T, 8, and 9 indicated that the total drag
increases or decresses resulted from veriations in either base or fore
dregs or both. No attempt will be mmde to analyze each individual trend
of the drag variations; however, analyses will be mede of three typical
types of drag varliatlons through the use of schlleren photographs in a
later sectlon.

Assoclation of shock locations with body fore drag variations.- The
results of figure 10 are presented solely to illustrate how the interfer-
ence fore drag varied with shock movement. This correlation should not
be construed as en attempt to isolate the individual effects of shock
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waves or flow regions. These results include the date for all the longl-
tudinal, spanwise, and vertical nacelle locations for which shock-body
intersection locatlions could be obtained at M, = 1.94. These shock

intersections were tsken as the location at which the most forwerd por-
tion of the shock front appeared to Intersect the contour of the body
silhouetted in the schlieren photograph (or with the plate surface when
the shock extended downstream of the body base). When the Jet axis was
directly sbove the body center line (Kz = 1.5), the velue of x' 1is

correct. For the other Kz wvalues, x' 1s slightly in error due to
the curved nature of the shock; but for the values of K; used and for

the purposes of this correlation, this error is not lmportant. Im fig-
ures 10(e) and 10(b), the fore drag coefficlents are presented s & func-
tlon of the locations of the intersectlons of the nose and tralling shocks
with the body surface for Jet off. As these shock loegtidns were shifted,
the distribution of interference pressures upon the body was also changed
end resulted in large variations In body fore drag. For example, in fig-
ure lo(a.) s the beneficial effect of the pressure rise across the nose
shock upon the body drag 1s evident for nose shock locations of the order
of -2 (where the pressure rise was felt forward through the wake and
boundary layer) to sbout 7. At this location, the effects of the expan-
slons propegated from the base and rearward portions of the nacelle (and
pylon) reduced the pressures on the aftersurfaces of the body and
increased the body fore drag. These drag variatlons are compered to the
drag coefficients of the body alone and the body in the presence of the
wing, signified by B and BW, respectively. The large lnterference of
wing nacelle on the body 8 compared to the small interference of the wing
on the body is evident.

The variations of incremental fore drag coefflecients due to Jet
interference are presented in figures 10(c) and 10(d) as a function of
the location of the intersections of the shock from within the jet and
the exit shock with the body surface. These results Indiceted that the
maximum change in CD,f due to Jet interference was about 0.05. This
was sbout 22 percent of the basic fuselage dreg and was of the same order
a8 the maximum change in CD, ¢ @8 a result of nacelle and pylon inter-

ference with the Jet off (figs. 10(a) and 10(b)). It should be noted,
however, that the pylon used in the present tests was thick; for cases
vhere thinner pylons were used, the meximum pylon-nacelle interference
effects would probably be subordinate to the maximum Jet-interference
effects.

Correlation of Flow-Field Observations
With Meassured Drag Results

Presented in figure 1l are schlieren photographs of the body and
body-wing combination. The varlous flow phenomens sasociated with the
tests at My = 1.94 are indicated and should z2id in the interpretation
of figure 12. In figure 12 are presented three types of drag variations

SN T
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due to Jet interference along with schlieren photographs which show the
changes in the flow field that were assoclated with the drag variations.
The three types of drag varlations are: +total and bgse drags decreasing,
fore drag near constant (model 2-C, K, = 8.96, Ky = 6.06, K, = 2.50);
total and fore drags decreasing, base drag near constant (model 3-B,

Ky = 8.78, Ky =3.00, K, = 1.50); and total and base drags increasing,
fore drag constant (model 2-A, Ky = 11.46, K, = 1.27, K, = 0). These
types of drag variations do not cover all the types which were encountered;
rather, these were chosen for discussion purposes.

Model 2-C (Kyx = 8.96, K, = 6.06, K, = 2.50).- In figure 12(a) the
nacelle was far enough outboard (Ky = 6.06) so that no multiple reflec-~

tions occurred and the wake of the nacelle had essentially no inclination.
With the Jet off, the nacelle trailing shock intersected the plate down-
stream of the body tralling shock. Thls placed the base of the body and
a portion of the afterbody in the expension regions propagated from the
nacelle afterbody and bese and the pylon efterportions. Therefore, CD,f

and Cpq, were higher than their values with no nscelle (0.220 and 0.034,

respectively, as compared to 0.212 and 0.016, respectively, with no
nacelle).

As Pj3 IP°° increased to 1, the nacelle trailing shock dlsappeared

and an exlt shock was created which intersected the plate closer to ‘the
base of the body. The pressure rise across thie shock was felt forward
within the wake of ‘the body and reduced CD,b wilthout affecting cD,:t"

Further lincreases in P; I;pw to a value of 20 magnifled these effects.
At Pj Ipw > 20, the exit shock progressed forward of the base of the body
and reduced cD,f also.

Exgmination of this series of schlieren photographs indlcated that a
pevere "bending" of the inboard exit shock took place as P3 Ipw increased.

Study of other schlleren photogrephs of the same model but at different
spanwise locations ingicated that the initial exlit shock angles at the lip
of the Jet were gbout the same but that a more gradual rate of change of
shock inclinstion was prevalent for all other spanwlse nacelle locations
at equlvalent values of Pj Ipm. With the nacelle located as in fig-

ure 12(9.), the shocks from the nacelle nose and pylon leading edge com-
bined and reflected from the body Just reaxrward of the wing-trailing-edge——
body Juncture slong with the disturbances originating at this juncture.
This was sufficlent to cause the decrease in the rate of change of exit
shock angle in the reglons where these disturbances are visible and
resulted in the local exit shock angles being higher than usual. At the
extremity of this flow region, the shock angle decreased sbruptly. The
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importent effect that this phenomenon hes in changing the location of the
intersection of the exit shock with the body surface is evident. The
drag results in this figure indicate that the changes in cD,f and cD,'b

were largely dependent upon this location.

Model 3-B (Kx = 8.78, Ky = 3.00, K, = 1.50).- In figure 12(b) the
Jet-off wvalues of cD,f and CD,b are higher than the no-nacelle values

(0.256 and 0.020, respectively, as compared to 0.212 and 0.016, respec-
tively, with no nacelle). The resrward portions of the body was subjected
to the low-pressure field associated with the nacelle afterbody and base;
this more than canceled the comblned effects of the pressure rise due to
the reflections between body end nscelle and the treiling shock behind

the nacelle that intersected with the wake of the body.

At Jet pressure ratios greater than one, the exit shock extended
from the lip of the nacelle and intersected the afterportion of the body
thereby reducing cD,f' The expansion reglon of flow between the exit

shock and the shock from within the jet reduced the base pressure slightly;
thus, a small increase in Cp; took place. At I?J/Pw 2 20, however, the

pressure rise through the exit shock had incressed to the extent that the
magnitude of the pressure in this expansion zone resulted in no further
increese in cD,b'

Model 2-A (K, = 11.16, Ky = 1.27, K = 0).- In figure 12(e) some of

the multiple reflections of dlisturbances between body and nacelle are vis-
ible, and it is belleved that the pressure rise across these disturbances
were responsible for the outboard inclination of the free jJet and/or the
nacelle wgke behind the nacelle bese for the Jet-off and p 3 Ipa =1l con-

ditions. For these conditions the momentum of the Jet or wake is low and
subject to changes in attitude in order to maintain g condition of equi-
librium with the surrounding flow.

With the jet off, the increased pressure on the afterbody as a result
of the reflections between body and nacelle reduced the fore drag coeffi-
cient from 0.212 (with no nacelle) to 0.190 with little change in cD,'b'

For this nacelle locetion, and with Jet on, the exit shock, which was
probebly the strongest shock assoclated with the Jjet flow field, inter-
sected the body near the cylindrical midsection and undoubtedly had little
effect upon the local pressure drag. The distribution of pressures on the
body surface behind the exlt shock, combined with eny aspiration effects
which the Jet caused, canceled the effects of the pressure rises acrosas
the exit shock and the shock from within the jet and resulted in no change
in fore drag. As the Jet pressure ratio increased, the shock from within
the Jet moved downstream; and the expension region was lengthened. However,
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the distribution of pressure upon the body remained such as to result

in no increase in body fore drag. At pressure ratlos greater than about
20, the shock from within the Jet moved downstream of the base of the
body. The lncreased Mach number and reduced pressure at the lip of the
body bese was sufficilent to more than offset the effects of the pressure y
rise across the shock wave and establlshed a reduced base pressure

(increesed vese drag). This was reflected directly in the total drag

increase as the fore drag remained constant.

Sumnation of Drag Results

Presented in figures 13, 14, and 15 are summaries of the drag
variations due to changes in nacelle longitudinal, spanwlse, and verti-
cal locations, respectively, at varlous values of Pj[P,- In figures 13
and 1k, two of the location parameters are held constant while the third
is varied. For example, in figure 15, Ky and Kz are held constant
and the drag varlations with Ky are presented. These drag results
include, therefore, the effects of variation in pylon sweep angle slong
with the effects of variation in nacelle location and Jet pressure retio.

Similarly, in figure 14, in order to maintain a constant value of Kx as -
Ky varied, the pylon sweep angle changed as a result of the longitudinal
shift in nacelle location with respect to the wing because of the sweep ]

of the wing. In figure 15, only the results using the unswept pylons are
presented; therefore, for each value of Ky, there was a different value

of Ki.

In all summary figures, the measured drag of the body using the
body-wing combination is shown for reference purposes (indicated by “BW").
Also, at the larger values of Ky, since the Jet-interference effects
were zero, & sollid line is used to represent the drag results for all
valueg of pJIP“'

Varying longitudinal nacelle location.- Large drag varlations were
realized by verying Ky (fig. 13) for the most inboard nacelle locations,
perticularly for Kz = 1.5. These changes are probably associated with
the combined effects of multireflected disturbances and changes in local
gkin frietion. It elso appears posslible that some aspiration of flow
from locally choked reglons between the nacelle and body might have taken
plece. These drag changes were somewhat reduced at M = 2.41 (compere

figs. 13(a) and 13(b)}). At neither Mach number was the nacelle far i
enough downstream and/or outboard to result in no nacelle-body interfer-
ence. However, at both Mach numbers, the Jet interference effects were v

zero at the largest values of Ky In general, the changes in CD,t and
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cD,b due to changes in PJIP“’ were smaller at M, = 2.41 than at
M, = 1.94 for Ky 2 5.

Varying spanwise nacelle location.- As a result of nacelle inter-
ference, large variations in Cp,t and Cp,f were reelized with the
Jet off by varying K.y. at all values of K, and K, (fig. 14). With

the nacelle inboard (Ky s 1) and the Jet off, the nacelle interference
generelly reduced the totsl and fore drags of the body; however, oper-
ating the Jet generally increased these body drags from the: jet-off
value. With the nacelle located outboard of the body ebout four jet-
exit dliameters at M, = 1.94% and sbout three Jet-exit diesmeters at

M, = 2.41 end with the jet-off, the nacelle interference increased the
body total and fore drags to the highest values obtalned; operating the
Jet reduced these drags from the Jet-off values. As a result of varying
Ky or P.‘)/peo’ cD,'b variations at My = 2.41 were significantly less

than those at M, = 1.94 Dbecause of the smaller shock and expansion
angles.

Varying vertical nacelle location.- The results presented in fig-
ure 15 were obteined using models 2-A through 2-D only (unswept pylons).
No genersl trends were noted for the results. It is evident, however,
that the vertical nacelle locstion was definitely Important to the body
drags, particularly at M, = 1.94 where the propagation of the inter-
ference pressure fields resulted in large and varying effects upon the
body (a.t Ky = 1.0, for instance).

Exsmination of the data shows that at a given longitudinal position
of the nacelle and at a constant radial position of the nacelle with
respect to the body axis, the change In body dregs wlth change in Jjet
pressure ratio is not independent of the vertical position of the nacelle
in relation to the wing. This indicates that the wing-pylon—interference
flow field has e significant effect upon the Jet interference upon body
dreg.

CONCLUSIONS

The results of an experimental investigation at Mach numbers of 1.94
and 2.41 to determine the effects of Jet interference upon the body drag
of a body-wing configuration equipped with a wing-mounted Jet nacelle
having a sonlec exit indicate the following conclusions:

l. The maximum variations in the total and fore drags of the body

due to Jet interference were gbout one-fourth of the basic body drag.
This was of the same order of magnitude as the meximum drag changes which
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resulted from tke variation in nacelle location with the Jet off. Both
the Jet interference and the nacelle interference upon the body drags
were conslderably larger than the Interference of the wing upon the body.

2. With the nacelle at the inboard locations and with the Jet off,
the nacelle interference reduced the body drag; however, operating the
Jet increased the body drag from the Jet-off value.

3. With the nacelle located outboard of the body sbout four Jet-exit
diemeters at & Mach number of 1.94 and about three Jet-exit diameters at
a Mach number of 2.41 and with the Jet off, the nacelle interference
increased ‘the body drag to the highest value obtained; operating the Jet
reduced the body drag from the Jjet-off value.

k. Correlation of schlieren photographs with dreg results indicated
that the entire Jjet-interference flow fileld must be considered in the
analysis of the effects of jet upon the total, fore, and base drags of
the body. Consideration of only the locations of the exit shock and
shock from within the Jet with respect to the body is not sufficient to
show detailed quantitative changes of these drasgs.

Lengley Aeronautical Laborsatory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., Jenuary 12, 1956.
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QUNNGee
TABLE I.- PERTINENT MODEI. INFORMATION
Pylon
Model Kx K sweep
no. _ at Z angle,
1-3 13.18 1.5 b5
1-C 13.18 2.5 =I5
1-D 14.18 3.5 =I5
2-A 11.46 0 —
2-B 11.46 1.5 0
2-C 11.46 2.5 0
2-D 11.46 3.5 o
35-B 9.78 1.5 45
3=C 9.78 2.5 45
3-D 8.78 3.5 45

Distance from base of body to wing-trailing-edge—
body Juncture is eqgual to 13.87 Jet-exit diameters.

Distance
from Nacelle
nacelle radius
nose
0 0
.100 062
200 .116
«300 .160
koo 196
500 222
600 240
750 250
1.750 «250
2.000 232
2.100 222
2.200 205
2.300 .183
2.400 .156
2.500 .125

Distance
from Body
body radius
nose
0 o}
.250 .087
500 165
1.000 297
1.500 <397
2.000 163
2.500 1195
2.750 «500
4. 750 .500
5.500 486
6.000 JL62
6.500 428
T.000 .380
7.500 .321
8.000 .250

17
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TABLE I1I.- SUMMARY OF DRAG COEFFICIENTS

FOR BODY AND BODY-WING CONFIGURATIONS

NACA RM 1.56A09

Drag
Configuration

coefficient 1.94 ol
Cp,t 0.235 0.214
Body Cp, £ .226 .205
Cp,b .009 .009
Body in Cp,t 0.228 0.224
presence Cp,t .212 .208
of wing Cp,v .016 .016
Effect of &Cp, ¢ -0.007 0.010
wing on Ay, p -.OL4 .003
body &Cp,p .007 .00T

)




Top nozzle block

325 /— Base pressure tube

- Strain-gage leads

1

—

Z Strain-goge beam

Boundary-layer /
by-pass plate Bottom nozzle block

XY

3
W} Maximum body dlometer = 100

Flex link detall Body base diameter= Q.50
(Twice size)

(a) Drawing of model. A1l dimensions are in inches.

Figure l.- Model installation in the Langley 9-inch supersonic tunnel.
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(b) Photograph of model in tunnel.

Figure 1.~ Concluded.
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Silver Solder
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w75 -
250
— 1570

|&R @D /I?')' |§:\_

Wing Cross Saction
Parallel to Stream

Pylon Cross Section

Parallel to Siream

(a) Pertinent dimensions of wing-nacelle assembly (in.).

Figure 2.~ Detalls of wing-nacelle assemblies,
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(v) Designations of wing-nacelle assemblies.
All dimensions are in inches.

Flgure 2.- Concluded.
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M= 3:24 (assumed uniform)

Mi =2.38

L
h;-8.96

On- 12.5°

%o 7" 1,400

Boattail angle =9°

3.0~ 2.4

Exit shock —_——\ ‘2_0 /—Sireamlines
—~_ = 1.6

— = 14 Isobars (constant —&)
gl I T [

~—Mixing boundary

e

' ' 99 '
/.I’/ Reflected shock
NN ’@ within jet
S ¢ A Y ¢ & oz 27 - ]
14 _/ \_ Jet axis
Shock within jet

Figure 3.- Distribution of static-pressure ratio p Ipm asgociated with

flow issuing from a supersonlc nozzle. Obtelned from calculations by
Schéfer using method of characteristics (ref. 15).
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Figure L.- Typical example of association of Jet-interference flow field
with aircraft componenis (wing-mounted nacelles). M, = 3.2k;

My = 2.38; pj/p = 8.96.
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Figure 5.- Layout of model showing dimensions used in location
parameters. Detalls are omitted for clarity.
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(1)

Drag coefficlent, GD
o
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Ll

Jet pressure ratio, pj Py

Model 1-B

(a) M, = 1.94.

Figure 6.- Measured total and base drag coefficients.
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Drag cosfficlent, GD

Jet pressure ratio, P P

Model. 1-C
(a) M, = 1.94%. Continued.

Figure 6.- Continued.
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Figure 6.~ Continued.
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Drag coefficient, CD

.28

Jet pressure rotio, pj /Poo

Model 2-A
(&) M, = 1.9%. Contipued.

Tigure 6.~ Continued.
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Figure 6.- Continued.
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Drag coefficient, S

.28

Jet pressure ratio, pl/pm

Model 2-C
(a) M, = 1.94. Continued.

Figure 6.- Continued.
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Drag coefficlent, G,
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Figure 6.- Continued.
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Figure 6.- Continued.
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Figure 6.- Continued.
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